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Motor Driven Exercise Devices 
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L} AEC-REQ-001 ‘Exercise Device for Orion EM-2 Functional Requirements’ 


LJ Motor technology offers 


23.37 lbm 
13.5”-21.0” width x 13.5” height x 7.5” depth 
480W peak power draw from MPCV 


Aerobic 
= Provide 450W average aerobic load, 30 min interval 
= Provide 75OW peak power load, any interval that conforms to vehicle peak power draw 


Resistive 
= Provide 400 Ib peak load capability 


Peak linear velocities per figure 


Excellent torque density 
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Excellent load accuracy 
Custom impedance algorithms 
Custom load versus position 


200 
Load (Ibf) 


ple i Linear Velocity (in/s) versus Load Setting 
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Fig. 2 Resistive Overload Combined with Kinetic Yo-Yo 
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Timing Belt 
Gearing System 


DC Motor Drive 


eee”, 
tt’ | Fig. 3 Resistive Overload Combined with Kinetic Yo-Yo 
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Ultra-Cap, Power and Signal 
Motor, Brushless DC PWAs 


HRP Investigators Workshop — February, 2016 


ore” 


Displacement 
Load Up 


50 


Load Down 


50 


10 


Subject Info 
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Exercise Mode 
Exercise Type 
1:1 Lifting 
Squat (SQ) 


Record Time Travel Limit 
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Record (Off) 


Set Active 
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en 3 (0101.0 A 
implementing aspects 
fo) im BY Vea BY \V i (ex- Wm co) g 
ANY go) o} fom: lalo MaCeevih 
Training’ (DART) which 
was funded by NASA 
SBIR 


¢ Phase Ill Tasks include 
fore) i Fleleye-1itelamaiialy4 |) & 


¢ Deliver bar with 
captive pulley (2:1) 
oy-lmcom-lar-le)(omallela 
load and lower 
velocity exercise 


¢ Create updated 
co) itate = Uele)alialanl 

- Create updated 
Keyete app Tere liteya 
rele o)giialan 

¢ Overall assessment 
of weight reduction 
on system Fig. 5 1:1 
ey=)ace)gantclalers) 


¢ Lessons learned 


and 2:1 Bar Set Ups and Captive Pulley with Rotating 
Cover 
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Fig. 6 Load Range versus Exercise Type (data courtesy of JSC 
Exercise Physiology and Countermeasures Lab — DeWitt and Fincke) 
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Fig. 7 Force versus Displacement (Rowing) 


Device was set at setting #5. The following 
features were noted: 


Moy-VoMmant-ydlanleleamiamanl(ece|(-Me)mual-Mcidce) com el-t-1. 
between 100-150 Ib) 


Very little return load 


Loading is consistent between strokes, although there 
is variation in stroke length for the subjects 
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Fig. 8 Force versus Displacement (Squat) 


Device was set at 130 Ib concentric, 160 Ib 
eccentric. The following features were noted: 


Mo¥-(o MVZ-Val-lomm ual cole} 4 ato] ¥meve)aaye)(-1u lea mem dal-ma-) o\-iaia (olay 


with a decrease as displacement increased (possibly 
due to inertia of the bar 


Sl ak-la om oar-lat-<om lal key-le M-| minal -morolanye) (<li (ola me)maal-mu) on \c-lae, 


motion (peak displacement) as eccentric overload 
initiates — 


Jolaurlay 2) @) ] 6 


Jam ©) 01-101 ele) ®) 


Jam @1 (o}-{=10 lm Mole) ©) 
— Proportional-Integral-Derivative (PID) 
— Linear Quadratic Regulator (LQR) 
— H-Infinity 
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Only 3 reps were performed during this testing- 
flight configuration likely more like 10%eps 


load is applied and prepares 
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Motor Power in 
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Fig. 10 ROCKY PID Control for Resistive Exercise 
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— Aerobic control is PID around a velocity set point 


Rowing Exercise 


Velocity Target (m/s) 


Force (Ibs) 


Velocity Actual (m/s) 


Time (ms) 
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(GEV (or) eo) o)aiaat-]meelalane) maal-vola mars 
evolved over time to formulate LORs 
VVialrelamaalialianlrcsmeal-m=>(oele(olamia 
state trajectories of a system while 
ig=ronelialatcamaalialioalelaamac)aliae)|(-lan-lice)as 
sae al=me)olalaat-]meler-lele-luloma-t:40)r-lne)s 
design is a reduction of the Algebraic 
Riccati Equation and is used to 
calculate state feedback gains for a 
chosen set of weighting matrices 
— These weighting matrices regulate 
id al=m ol-Jal-]idi(-im eam dalome (=) r-)alelanial 
trajectories of the state variables and 
control signal 
— Using a model to synthesize all 
internal states 
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State feedback control to 


u=Fx stabilize the system 
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Fig 12 Highly Generalized Comparison of 


PID v. LQR Control Methods 
13 


¢ H,, control synthesis: 


— High disturbance rejection 
— High stability 
inn l(:4nme) ae (=) axee)alaae) | (=) acm (xe)anlel(=>.ar-lalemacwrelll aea-mlaleclacyiic)) 

¢ This controller design is generally based on 
aalialianly4chale) ame) mr-Inaelarcidle)aim Up eam ale) ganme) mci-) (<1eik-le mel (eky-10 
Keteye system) Lower fractional transformation 
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Singular value of F(M,K) 
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¢ Semi-active Impedance Modulation with 
Ultracapacitors (H. Richter, A. van den Bogert, 
Desyiaarevay) 


Electromechanical system which can be 
fe) qey:4e-]aalaal=lom como) gelol0(e-m-lahvme(=\ia-10 Mm aal-velar-lalier-] 
Tan) eX=xer-1ala= 


DN Zar-Janloma=c-alelaliall om ol=1a'(=\-1aie) ce =m-] ale m=) (eee 
at the user is called impedance 

¢ Bungees = ‘stiffness’ impedance 

* Rowing = ‘inertial’ impedance 


Energy regeneration and storage 


DY =X -4 a1 =X0 Me) ante) 1m A0L0)\ OMe) enV Acer] eye] e)iliavamarclare. 
operated system which is: 
* Power neutral (excepting for small microprocessor 
batteries) 


¢ Highly configurable — the impedance perceived by the user 
can be arbitrarily defined and is enforced by the control 
system 


Converter 


Ultracapacitor 


Fig 14. Advanced Rowing Ergometer 
Concept to Demonstrate Feasibility of 
Semi-Active Modulation to Match 
Commercial Ergometer F-V Characteristics 
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Caltech Control & Dynamical Systems Class Notes (Chapter 8, 
PID Control), 2004 


‘Comparison Performance Between PID and LQR Controllers for 
4-leg Voltage Source Inverters’, A. Mohammadbagheri, N. Zaeri, 
NV/ im (24 aloo] 0) pu 0)s it 


‘H-Infinity Controller Design for a DC Motor Model with 
Uncertain Parameters’, L. Brezina, T. Brezina, 2011 


‘Application of Multivariable Techniques to Design 
Experimentally a Flexible Satellite Attitude Control System’, J. de 
Castro, L. de Souza, 2010 


‘Plant and Control Design for Advanced Exercise Machines with 
Energy Regeneration’, H. Richter, 2015 
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